Parkinson's disease (PD), which is the second most common neurodegenerative disorder after Alzheimer's disease, is firstly defined after James Parkinson's report. It carries motor symptoms such as resting tremor, bradykinesia and rigidity of skeletal muscle and freezing of gait. Furthermore, non-motor symptoms such as cognitive and behavioral problems, besides sensory impairments are seen in the patients. However, they may also suffer from sleep disorders or autonomic dysfunction.
Parkinson's disease
James Parkinson revealed a detailed description of six patients with shaking palsy in 1817 and after his death, the mentioned description known as Parkinson disease, which is now the most common neurodegenerative disorder after Alzheimer's disease (Parkinson 2002) . Motor symptoms including resting tremor, bradykinesia and rigidity of skeletal muscle, postural instability, stooped posture, and freezing of gait are clinical symptoms in PD. Furthermore, non-motor symptoms such as cognitive and behavioral problems, besides sensory impairments are seen in the patients. However, they may also suffer from sleep disorders or autonomic dysfunction (Chaudhuri and Schapira 2009). The prevalence of PD is approximately 0.3 % in the general population in developed countries and affects about 1 % of those older than 60 and it is unusual to occur before the age of 50 (de Lau and Breteler 2006) . Notably, men are at higher risk than women. In Europe, PD affected 1.2 million people in 2010, resulting in costs per patient of EUR 5,626 for direct health care and EUR 4,417 for non-medical care (de Lau and Breteler 2006) . Unfortunately, the exact cost of PD is not clear in Middle East.
Hallmarks of Parkinson's disease
Pathophysiologically, there are some clear hallmarks in the affected patients such as, severe loss of dopaminergic neurons in the substantia nigra pars compacta (SNC) of the basal ganglia. Moreover, the presence of intraneuronal inclusions called Lewy bodies are proved in the brain of PD, which are composed of N-synuclein, a protein that is present basically in presynaptic terminals and has a pivotal role in vesicular release of neurotransmitters, axonal transport, and mechanisms of autophagy (Perez et al. 2002 , Ben Gedalya et al. 2009 , Koprich et al. 2011 . The occurrence of Lewy bodies is one of the basic criteria, which used to diagnose PD.
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Degeneration of different parts of the brain including noradrenergic, cholinergic, or serotonergic neurons is the main cause of the non-motor symptoms.
Genetic factors, a positive family history of PD can lead to a higher risk of incidence of the disorder, and 5-10 % of patients with PD diagnosis carry mutations in the associated genes. The gene encoding N-synuclein was the first gene-related mechanism that was suggested to trigger the initiation of PD. Today, 16 loci designated PARK1 to PARK16 and 11 genes on different chromosomes are known to be associated with a higher risk of PD (Corti et al. 2011) . Mutations in the mentioned loci affect the expression of some proteins. Ubiquitin ligase, UCHL-1, DJ-1, PTEN-induced kinase and nuclear receptor, which are involved in protection against oxidative stress, mitochondrial dysfunction, and survival of dopaminergic cells are the most important ones which are studied during the last years (Thomas and Cookson 2009, Devine et al. 2011) .
Non-genetic factors, occupational exposure to toxins and heavy metals can increase the risk of PD (Caudle 2015) . It is proved that exposure to agricultural chemicals such as pesticide rotenone and the herbicide paraquat due to harmful effects on dopaminergic neurons (Betarbet et al. 2000, de Lau and Breteler 2006) and exposure to some heavy metals, including iron, manganese, zinc, and copper due to inducing oxidative stress, which causes dopaminergic neuronal depletion in the SNC (Lai et al. 2002 , Tanaka et al. 2011 can increase the developing PD.
Homocysteine is the essential amino acid that may have a toxic effect on neurons, which accelerate cell death in general. Recent investigations on this substance have examined the development of PD and higher intake of vitamin B (de Lau and Breteler 2006) . Some of these studies expressed that high consumption of vitamin B6 can lead to a decreased risk of PD (Murakami et al. 2010) .
Mitochondrial dysfunction and increased oxidative stress may also play a pivotal role in the pathogenesis and development of PD (Henchcliffe and Beal 2008, Aroso et al. 2016) . Byproduct of lipids, proteins, and DNA oxidative damage, and reduced levels of the antioxidant glutathione have been proved in the brain samples from individuals with PD (Voshavar et al. 2015 , Yuan et al. 2016 ). Antioxidants such as vitamins E and C can protect dopaminergic cells against free radicals although, during the very early stages of the disease (Devore et al. 2010) .
Intracellular ionic channels may play roles in the pathogenesis of PD. Ion channels have been found in the intracellular organelles membrane including mitochondria (Bednarczyk 2009 , Fahanik-Babaei et al. 2011 and endoplasmic reticulum (ER) , Salari et al. 2015 . ER potassium channel plays important role in ER calcium homeostasis (Kuum et al. 2012 , Ghasemi et al. 2014 , and interruption in ER calcium homeostasis can lead to ER stress which is prominent pathway in neurodegenerative disease pathogenesis (Magi et al. 2016 , Xiang et al. 2017 . Mitochondrial potassium channels are involved in oxidative stress and cell survival.
Activation of mitochondrial ATP sensitive potassium channels enhances angiotensin-induced oxidative damage and promotes dopaminergic neuron degeneration (Rodriguez-Pallares et al. 2012) .
In order to investigate the mechanisms underlying the disease and to evaluate new treatments different models have been developed based on the hallmarks of Parkinson's disease. Here, we try to describe diverse models of PD including in vitro, in vivo and transgenic ones with brief introduction to advantages and disadvantages of the models.
In vivo models of Parkinson's disease
Animal models, which are used broadly in the experiments, represent potential tools in our attempts to understand the mechanisms underlying the PD, and have an important role in the development of new treatment strategies.
Pharmacologic animal models of selective damage of dopaminergic neurons have been used for many years in PD research.
6-OHDA
The known toxins including 6-hydroxy dopamine (6-OHDA), 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP), rotenone, paraquat, lipopolysaccharide, and manganese are the toxins that have been applied most widely in rats, mice, cats and monkeys (Klivenyi and Vecsei 2011, Blesa et al. 2012 ). However, 6-OHDA is more often used in rats (Roeling et al. 1995 , Valette et al. 1995 , Annett et al. 1997 , Ruffy and Leonard 1997 . It is usually injected unilaterally to the medial forebrain bundle. Injection of 6-OHDA to the SNC may kill up to 60 % of tyrosine-hydroxylase containing neurons. These toxins produce the PD (Penttinen et al. 2016 ) models by inducing mitochondrial dysfunction and increasing oxidative stress that in return lead to neuronal degeneration in specific parts of the brain. 6-OHDA cannot mimic all aspects of the disease but seemingly, it is a replicate of PD in human. 6-OHDA is structurally similar to dopamine and norepinephrine. Consequently, it binds to the plasma membrane transporters of catecholamines. However, 6-OHDA does not cross the blood brain barrier, but, it kills neurons containing dopamine and norepinephrine by producing hydrogen peroxidase when injected to the brain (Javoy et al. 1976) . The 6-OHDA animal model is useful when researchers wish to evaluate the effects of new drugs on motor skills. Depends on the animal species, the concentration of toxins, the type of vehicle, and the methods of administration employed may vary. A typical behavioral symptom after unilateral injection of this toxin is rotational behavior after apomorphine injection (Baluchnejadmojarad et al. 2009 ). Overall, pharmacological animal models are reproducible and have made important contributions to our current knowledge about PD.
MPTP
In 1983, many people exhibited typical signs of PD after taking an opioid that was contaminated with N-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) during processing. This important finding led to the theory that MPTP selectively damages dopaminergic neurons in the SNC, which in turn revealed the hypothesis that some environmental toxins can raise the risk of PD. Since then, numerous studies have been achieved to examine the role of other environmental factors in the pathogenesis of the disease. Notably, MPTP is the gold standard for researchers in order to induce all aspects of PD hallmarks in animal model of the disease. It should be mentioned that via this model, Lewy body inclusions can be developed in the brain of affected animals (Kowall et al. 2000 , Fornai et al. 2005 . Unlike the 6-OHDA, MPTP can cross the blood-brain-barrier immediately and metabolizes in to active form. The active form, MPP + is stored in neurons via dopamine transporter (DTA), and through this, interferes with the mitochondrial electron transport chain that leads to energy depletion. PMTP is used in dogs, cats but more often in nonhuman primates and mice. Motor impairments can be seen in behavioral test after toxin administration but less detectable in acute injection in rodents (Blesa et al. 2012) .
Paraquat
Paraquat or N, N′-dimethyl-4,4′-bypiridinium dichloride is an agricultural herbicide, which is similar to MPP+ structurally and due to this similarity, researchers expect to have similar pathological changes after toxin injection (Day et al. 1999 , Berry et al. 2010 . It affects the redox cycle in mitochondria and can increase the production of oxidative stress that in return can cause protein, lipid, DNA and RNA damage. The nigrostriatal damage after Paraquat injection is dose dependent in mice while some investigations revealed no damages in the mentioned area (Kozuch and Mayer 1975 , Thiffault et al. 2000 , Thiruchelvam et al. 2000 , McCormack et al. 2002 . Notably, Rappold et al. in 2011 reported the toxicity of paraquat to the dopaminergic neurons through dopaminergic transporter at high doses. No clear motor deficits have been found after paraquat administration (Blesa et al. 2012) .
Rotenone
Rotenone that is a natural occurring in tropical plants is a neurotoxic agent and used as an herbicide and pesticide (Inden et al. 2007 ). Since it is a lipophilic agent, it can cross the blood brain barrier. It has been reported that Lewis rats are more sensitive to Rotenone rather than other species (Betarbet et al. 2000) . Dopaminergic neuronal damage as well as α-synuclein aggregation and Lewy body inclusion are seen after intravenous injection (Sherer et al. 2003) . The most pathologies, which are induced after paraquat inject, can be seen with the administration of Rotenone (Sherer et al. 2003) , but the side effects do not restricted to the dopaminergic systems. Other brain areas such as serotonergic, noradrenergic and cholinergic systems are affected as well (Hoglinger et al. 2003) . The positive issue regarding rotenone is that oral administration of these chemicals employs in researches (Pan-Montojo et al. 2010) . Decreased motor activity has been reported in this model (Blesa et al. 2012) .
Manganese
Manganese (Mn) is naturally exist in the environment; air, water, soil and food (Aschner et al. 2007) . It has several important roles in the synthesis and metabolism of neurotransmitters as a co-factor (Bowman Vol. 68 et al. 2011) . However, excessive accumulation of Mn in the brain can lead to manganism, which shows extrapyramidal motor dysfunction comparable to Parkinsonism (Sadeghi et al. 2018) . Mn can accumulate in globus pallidus and subthalamic nucleus that are involved in the control of motor and non-motor function (Bouabid et al. 2016) . Intraperitoneal injection of 10 mg of MnCl 2 for 5 weeks can deteriorate locomotors function (Bouabid et al. 2014) . Decreased levels of serotonergic and norepinephrine system parallel with changes in firing rate and pattern of basal ganglia neurons are present after Mn-induced toxicity (Bouabid et al. 2014) . Rout of administration and dosage of Mn can affect the dopaminergic neurons in the brain. In a drinking water, Mn can significantly increase the dopamine content while it is decreased after intrathecal administration.
Genetic engineered models of Parkinson's disease

Transgenic animals
Transgenic animals are being used widely in different investigations since it is believed that the genetic and the sporadic forms of the disease express some common features of the diseases (Devine et al. 2011) . Mice that are genetically engineered to develop loss of dopaminergic neurons in the SN are used mostly.
Inducing some restriction in the enzymes PstI or mito-PstI which targets the mitochondrial oxidative phosphorylation can induce a mouse model that carries a double-stranded mitochondrial DNA breakage (Pickrell et al. 2011) .
This model has the most of PD features i.e. motor dysfunction and degeneration of dopaminergic neurons in the SN. Furthermore, this model carries the potential to evaluate the role of mitochondria in the pathophysiology of the disease.
Two genetically engineered mice models that generate progressive neuronal loss in the SNC have been proposed as well. The former is Pitx3 -/-mice with a spontaneous mutation in the homeobox transcription factor Pitx3, and the latter is engrailed knockout mice with SNC neuronal loss accompanied 17 by cerebellar pathology (Meredith et al. 2008) . The familial forms of PD can be developed by mutations in the genes encoding N-synuclein (Kay et al. 2008 ), parkin (Miklya et al. 2014 ), DJ1, and LRRK2 (Tan and Skipper 2007 , Wider et al. 2010 . However, animals with N-synuclein mutation display the symptoms of the disease while they do not exhibit neuronal loss. Hence, they are not very useful for investigating PD pathophysiology or treatment approaches.
On the other hand, early onset of familial PD model can be produced by mutations in the gene encoding parkin, which in return can cause proteasomal dysfunction (Meredith et al. 2008) .
Interestingly, mice and flies are being used for mutations in the genes for DJ1, which can lead to decreased cell resistance to oxidative stress but not loss of cells. However, these models have some limitations due to not having cell loss.
In addition, late onset of familial form of PD can be developed through mutations in LRRK2 and a transgenic mouse model caries these aberrations is currently being developed (Meredith et al. 2008) .
In vitro models of Parkinson's disease
Viral-based animal models
Viral-based animal models can be developed by acute delivery of virally expressed genes such as recombinant adeno-associated virus (rAAV) into the SN, that exhibit neuronal loss so often. For example, animals with over expression of N-synuclein show neuronal loss as well as behavioral deficits. Thus, these models are more useful than other engineered mouse models, if the goal is to acquire animals with the hallmarks of PD (Meredith et al. 2008, Dehay and Bezard 2011) .
The nematode Caenorhabditis elegans (Alexander et al. 2014 ) and the fruit fly Drosophila melanogaster have also been employed in the investigation of cellular and molecular pathways involved in different forms of familial PD (Bayersdorfer et al. 2010) .
Drosophila melanogaster can show duplication or triplication of the N-synuclein gene, which makes these flies a good model for investigating synucleinopathies. The weakness of these two invertebrate species which are not desired to researchers is that they do not produce Lewy body inclusions, which are the chief feature of PD in humans (Meredith et al. 2008) .
It can be mentioned that none of the animal models pronounced above express the genotype and/or phenotype observed exactly in humans. For example, most genetically engineered mice do not exhibit the nigrostriatal degeneration that is the main hallmark of PD in human. However, the models based on delivery of virally-expressed genes into the SN can affect the SN and induce local degeneration. However, they do not develop the neuronal depletion or pathology to the other area in the brain, which is seen during progression of the disease in humans. Furthermore, absence of Lewy bodies is the characteristics of many of these models.
Conclusions
Here, we aimed to describe different genetic and pharmacologic models of Parkinson disease. Each model has its advantages and disadvantages. While pathophysiologic pathways can be studied in the pharmacologic models, pivotal roles of genes can be investigated in the genetic forms of the disease. It can be mentioned that the pathologic disturbances induced in the pharmacologic models mostly express the late stages of the disease while, with the genetic form, investigators may face the disease with the early onset. Depends on the question researchers wish to answer, evaluating a therapeutic approaches or investigating the detailed of underlying mechanisms, different type of animals can be selected. However, economical aspect and reproducibility of the models seem to be important in experiments. Overall, employing a genetic model in combination with pharmacologic agents may be an ideal model for future studies, while perfect model of Parkinson's disease remains beyond doubt yet.
